Transportation systems provide a means for moving people and the goods from which they are spatially separated. Of the two means of surface transportation, the motorized mode is used extensively for utilitarian travel in developed countries. The increasing reliance on motorized travel has contributed to increased traffic congestion, air pollution, and greenhouse emissions. Non-motorized travel has recently received significant attention as a means to reduce congestion and environmental problems and improve human health. However, non-motorized modeling is generally underdeveloped. This study investigated some changes in non-motorized and total travel and the characteristics of the traveling public in 1990, 1995, 2001, and 2009 using a national travel survey. The study also investigated the temporal transferability of linear-regression trip generation models for non-motorized and total travel under such changes. High-income households made fewer non-motorized trips in 1990 and 1995 compared to 2001 and 2009. Persons aged 50 and over showed an increased demand for non-motorized travel, whereas children aged 0 -15 showed a decreasing preference for non-motorized travel over time. Regarding temporal stability, only the coefficient for single-adult households with no children was stable across all of the analysis years. For both non-motorized and total travel, most model parameter estimates were stable short term but not long term. In general, the total travel models transferred better than non-motorized models, both short term and long term. Despite not finding universal stability in model parameter estimates, the models were marginally able to replicate travel in 2009 relative to the locally estimated 2009 model.
Introduction
Transportation systems provide a means for moving people and the goods from which they are spatially separated. There are two means of transportation: motorized and non-motorized. The motorized segment is mostly comprised of passenger and freight vehicles that are used extensively for utilitarian travel in developed countries. The non-motorized travel segment is mostly comprised of bicycling and walking, which are not typically used extensively as means for utilitarian travel in developed countries. In the US, the use of motorized vehicles as a means of transportation has been dominant for years and has been associated with the sprawling land use patterns in most US cities as well as the relatively low cost of operating motorized vehicles and nominal parking costs [1, 2] . The increasing reliance on motorized means of transportation has contributed to increased traffic congestion, air pollution, and greenhouse emissions. The Urban Transportation Report Card [3] reports that transportation is responsible for 20 to 60 percent of the carbon emissions in major US cities. Additionally, the Urban Mobility Report [4] shows that the peak congested hours increased from 4.5 hours per day in 1982 to 7.1 hours per day in 2002. The travel time index, which is defined as the ratio of travel time in rush hour to the travel time during the free-flow period increased from 1.09 in 1982 to 1.24 in 2007, and wasted fuel per peak traveler increased by 15 gallons during the same period [5] . Furthermore, the report indicates that in 2002, 58 percent of all major road systems were congested, compared to only 34 percent in 1982. The World Health Organization (WHO) at the European Region (1999) also reported that autogenerated pollution is responsible for more deaths than all traffic accidents. Consequently, more agencies are seeking or implementing strategies to reduce reliance on motorized travel.
Non-motorized travel has recently received significant attention as a means to reduce congestion and environmental problems and improve human health. Transportation policymakers view increased non-motorized travel as a solution to traffic congestion caused by motorized travel, and politicians view non-motorized travel as an indicator of community livability. With increased obesity and related diseases, the public health community views increased non-motorized travel as an indicator of greater physical activity, which can be used to explain community health levels (Clifton et al. 2004 ). These reasons and others have motivated research in non-motorized travel.
In an effort to reduce air pollution resulting from transportation, the Federal Government enforced the Clean Air Act Amendments (CAAA) of 1990, which require Metropolitan Planning Organizations (MPOs) to demonstrate conformity with the National Ambient Air Quality Standards (NAAQS) in their transportation development and investment plans. As a result, several agencies and communities have considered encouraging non-motorized travel as one of the solutions to mitigate community problems associated with traffic congestion, air quality, and human health. For example, the San Francisco Bicycle Coalition is working to transform the city's streets and neighborhoods into more livable and safe places for promoting bicycle transportation [3] .
To promote usage of non-motorized travel, transportation planners and policymakers need to assess the current usage and identify the benefits of implementing and improving non-motorized facilities compared to other alternatives. Further, transportation policymakers require a thorough understanding of non-motorized travel behavior to adequately estimate the impact of policy actions. However, the literature related to the evaluation of bicycle and pedestrian infrastructure and programs on travel behavior and emissions is generally underdeveloped [6, 7] . Additionally, studies [2, 8] indicate the need to collect accurate data to better understand the behavioral aspects of non-motorized travel and develop quantitative nonmotorized models.
Most studies [2, 9, 10] have modeled non-motorized travel using a single cross-sectional dataset. A study by Edmond et al. [9] investigated the gender differences in bicycling behavior using single cross-sectional data collected via an online survey in 2006. Bhat et al. [2] studied non-motorized travel behavior in the San Francisco Bay Area using a single cross section of data collected in 2000. The use of cross-sectional data for demand modeling requires the assumption that surveyed households or individuals are at the demand-supply equilibrium point at the time of the survey, and that the travel behavior relationship established at this equilibrium point remains stable over time. Forecasting travel with such models means that variations in travel behavior observed across units (households or individuals) in the cross section can be extrapolated over time to predict the travel behavior of households to account for changes in their demographic composition. This assumption has been suggested to be too strong, and empirical studies indicate that travel behavior of households of similar composition does not necessarily remain stable over time.
A wide range of research on trip generation models with respect to stability and transferability has been conducted, mostly on motorized travel. Kannel and Heathington [11] studied the transferability of two trip frequency models estimated on 1964 cross-sectional data to predict travel in 1971 in Indianapolis, Indiana (US). Cotrus et al. [12] studied the transferability of linear-regression and Tobit trip generation models estimated on 1986 cross-sectional data to 1997 in Israel. The former study found a shift in auto ownership for selected households, but overall the models predicted total travel sufficiently from one period to another in the same region. The latter study did not find sufficient temporal transferability, which was due to differences in economic conditions that existed in the two periods. Furthermore, literature points out that travel demand is affected by the state of the economy and the price of oil [13] . For example, studies in the 1970s [14] indicated that people changed their travel habits in response to the energy crises that occurred during that decade. In addition, most studies have investigated temporal transferability using only two crosssectional datasets. Such studies, though beneficial, may fall short on accounting for the effects of programs implemented in multiple years. A thorough understanding of the effect of temporal economy, demographic, and land use changes over multiple years is im-portant in modeling non-motorized travel. Such information would help planners and policymakers adequately estimate the impact of promoting non-motorized travel in reducing vehicular emissions and traffic congestion. Existence of temporal stability would help agencies employ the different strategies with less regard to temporal changes. Further, an investigation on temporal transferability of non-motorized travel demand models would advance the understanding of the influence of changes in the urban structure on non-motorized travel demand, as compared to total travel demand. Thus, this study had the following objectives:  Investigate the change in the relationship between non-motorized travel, the characteristics of the traveling public, and the surrounding environment.  Empirically assess the temporal transferability of non-motorized trip generation models over multiple years.  Comparatively analyze the temporal stability of nonmotorized and total trip generation models. The remainder of this paper is organized as follows:
First is a discussion of the data used in this study, followed by a descriptive analysis of selected variables as related to non-motorized travel. The model specification is then presented. Finally, the results are presented and discussed, followed by conclusions and recommendations for future studies.
Methodology

Data
The For consistency throughout the analysis, only the travel information that was common from all data sets was used in this study. Further, the study used travel information from households residing within the metropolitan statistics areas (MSAs). The unit of analysis in this study was a household since it is believed that most decisions are made at a household level [15] . Therefore, the final sample sizes used in this study were 12,494, 29,585, 50,682, and 109,321 for 1990, 1995, 2001, and 2009, respectively. The details of each of these datasets are well documented on the NHTS website [16] . Table 1 shows the changes in travel and selected socioeconomic variables known to influence travel from 1990 to 2009. In all analysis years, the percentage of walk trips was higher than the percentage of bicycle trips. This may be attributed to the fact that everyone becomes a pedestrian at some point throughout the day, but the same cannot be said about becoming a cyclist. The higher walk trips may also be attributed to increased walks to gain transit access [9] . The percentage of motorized trips showed a marginal decrease, while non-motorized trips increased marginally from 1990 to 2009. The number of workers per household was lower in 2009, but the number of vehicles per worker was higher in this same year. This may be explained by the economic recession that was ongoing during data collection, which affected the labor market. The household size, average trip length, and average daily household trips decreased slightly from 2001 to 2009.
Descriptive Analysis
Distribution of Non-Motorized Trips by Age and Income Groups
Non-motorized travel involves exertion of physical energy; therefore, it is expected that the age of the individual is likely to influence his or her decision to use nonmotorized modes. Likewise, income may indicate the ability of a family to own, operate, and maintain a vehicle. Therefore, non-motorized trips were cross-tabulated with age and income groups, and the frequencies of trips made by each age and income group are shown in Figure  1 .
In general, all else being equal, there was an opposite change in the non-motorized travel pattern for persons aged 39 or less and persons aged 40 or more. Specifically, non-motorized trips made by the younger group generally decreased over time, while non-motorized trips of the older group increased. This may be explained in part by the increased reliance on using private automobiles, rather than walking and bicycling, for making school trips, as reported in Ulfarsson and Shankar [17] . Persons aged 15 or less made more non-motorized trips than any other age group in 1990, 1995, and 2001, but this trend changed in 2009, when persons aged 50 to 59 outpaced the >15 group by more than 5 percent. Consistent with other studies, low-income households made more nonmotorized trips compared to other income groups. However, the high-income households showed a monotonic increase in making non-motorized trips over time.
Distribution of Non-Motorized Trips by Lifecycle
Lifecycle defines the household composition and the extent of responsibilities a given household encounters. In general, it is expected that households with children make more trips than their counterparts. Figure 2 shows the distribution of non-motorized trips for each lifecycle category, as defined in Table 2 . Households with two or more adults and children aged 6 to 15 had the highest percentage of non-motorized trips in 1990 but showed a decreasing trend over time. This may be explained by the relative independence of children aged 6 to 15 and thus the likelihood of them bicycling or walking to school or to playgrounds and/or parks near their homes [2] . It is apparent from Figure 2 that single-parent households made relatively fewer non-motorized trips than dualparent households. All else being equal, households with retired persons showed a monotonic increase in nonmotorized travel. Considering the increase in the aging population, this may indicate the need for bicycling and walking facilities for communities with higher populations of retired persons.
Model Specification
Several variables contained within the four cross-sectional datasets are known to influence travel behavior. Thus, an analysis was performed to identify which variables have a high influence on non-motorized and total travel, thus specifying a simple but robust model. After performing an analysis of variance and correlation ratio, Table 2 , only six categories were specified in the model since the other categories were statistically insignificant. Further analysis indicated that the model with log transformed household size (loghhsize) yielded a superior explanatory power than other specifications; thus, only the results for this specification are presented here. The formulated trip generation models took the following form: 
Results and Discussion
Model Estimation Output
The best-fit model for non-motorized fied using the 1990 cross-sectional dataset as the base year. Similarly, for total travel, a less complex model with high explanatory power was estimated using the 1990 dataset. Thereafter, the same specification was estimated using Stata 9.0 for each of the other three crosssectional datasets. The model estimation results are presented in Table 3. Table 3 clearly shows that the demand for non-motorized and total travel increased with the increase in household size and the number of workers in a household, as indicated by the positive sign of their coefficients. This finding is consistent in all analyzed years. Similar findings have been reported in other studies [1, 2] . With respect to household lifecycle, singleadult households with either children aged 6 -15 or no children made more non-motorized trips than their twoadult household counterparts. In fact, single-person households made more non-motorized trips than all other household categories. Households with younger children aged 0 -5 relied on other modes of transportation than bicycling and walking, as indicated by the negative sign of their coefficient. In 1990 and 1995, demand for nonmotorized travel declined with the increase in household income, as shown previously in Figure 1 , and this is reflected by the negative sign of the income coefficient shown in Table 3 . As shown in Figure 1 , in recent years, demand for non-motorized travel has gotten higher for less affluent and affluent households but lower for medium-income households. This is further reflected by the change in sign and increase in magnitude for the income coefficient. For all analysis years, with the exception of 2009, total travel demand increased with the increase in household income, and this trend increased over time, as reflected by the increase in the magnitude of its coefficient.
As s pacted the demand for non-motorized travel negatively. The associated negative sign of the coefficient suggests that households with a higher number of vehicles have a lower propensity to take walking or bicycling trips. The increase in the number of vehicles per driver, as shown in Table 1 , reduced the demand for non-motorized travel, which is further indicated by the change in sign of the coefficient for the number of licensed persons in a household. In contrast, the number of drivers affected the total travel demand positively, but the magnitude of its effect diminished over time, as reflected by a decrease in the magnitude of the coefficient for the number of drivers. The exogenous variables specified in the non-motorized demand model yielded more explanatory power in 1990 and less in 2001.
However, for to more explanatory power in 2001 and less in 1995. It is worth noting that the low explanatory power exhibited by the non-motorized model is consistent with what was encountered in the literature, indicating that the variables 
Temporal Sta
As noted in the introduction, the collection and use of cross-sectional models relies on the assumption that th population is at an equilibrium point with respect to travel behavior and that the estimated model parameters can be applied to a future context. This assumption implies that the estimated model parameters are temporally invariant. To test temporal stability of estimated model parameters for both non-motorized and total travel, the 1990 cross-sectional model was tested against the more recent datasets; the same was done with the 1995 and 2001 models. Testing was done using the student t-test defined below:
   arger di signify the of chan explanatory variables from the estimation to application time period. In general, the t-statistics yielded by the total travel models were larger compared to those yielded by the non-motorized models.
Prediction of Non-Motorized and Total
Travel in the Estimatio Estimated on 1990, 1995, 2001, and 2009 Data lly, little is known to a modeler about future conhence, the modeler selects the best model based on l's cap context. Thus, in this study, the estimated models were applied to predict non-motorized and total travel, each in its respective estimation dataset. The Mean Absolute Error (MAE) and Percent Error (PE) were used to assess the models' capability in forecasting travel in the estimation data. The MAE measure has been used by other studies [18, 19] . MAE is calculated as:
is the observed number of non-motorized trips proby household i, the predicted number of non-motorized trips proctor, and N s are presented in Table 5 , which sh increased in magnitu or total travel, th
y is duced by household i, w i is the weighting fa is the sample size, all in a given year. The prediction result ows that the error measure, MAE, de over time for non-motorized travel. F e MAE value was lower in 1990 and higher in 1995. Further analysis was done to identify in which part of the US the models were unable to predict non-motorized travel demand. The results, which are presented in Tab consistently showed that all of the models studied over-predicted non-motorized travel in the South Central tion on estimation data. r la erfo mo n predicting travel in the East South Central Division may be attributed to low sample representation compared to other divisions. The differences in the models' ability to predict travel in the different divisions implies differences in travel behavior exhibited by households in the respective divisions. Divisions with lower PE values may have the advantage of using the national travel survey datasets for understanding non-motorized travel patterns and behavior in their regions and updating their travel demand models. This may be further investigated by formulating models for each division.
Prediction of Non-Motorized and Total Travel in 2009 Using Models Estimated on 1990, 1995, and 2001 Data
The models estimated on the 1990, 1995, and 2001 were used to predict non-motorized and total travel in the ication contexts. Along with the MAE value deed previously, the Transfer Ind measure how well the estimation context model predicted the observed trips in the application context relative to the application context model. Mathematically, TI is expressed as [20] :
The results are presented in Table 7 , which illustrates that the magnitude of the resulting error measure from the application of the 1990 model to predict travel de- Table 7 , it is evident that the total travel models transferred better in time than the non-motorized models. It is worth noting that the MAE value yielded by the 2009 model's application in estimation data was large compared to the transferred models. This may be due in part to changes in variables explaining non-motorized travel that are not specified in the model.
Further, a comparison of the models' ability to predict observed trips in 2009 by household size and household income was undertaken, and the results are depicted in Figures 3 and 4 te whether modelers should model by market segmentation rather than the unified approach employed in this study. As observed in Figure 3 , the relationship between non-motorized and total trip rate and household size for both 2009 observed trips and predicted trips by eachmodel was non-linear, with trip rate increasing monotonically with increased household size. This was expected since the proportion of children in a household, who make fewer trips on average than adults, increased as household size grew. In addition, the trip rate increase decreased with the increase in household size, which was motorized travel in future contexts.
Coefficient
Transfer R 2 MAE TI ip purposes, such as grocery low for medium-income hou shopping, can be done by one household member for the whole family.
of the 1990 and 1995 models in predicting travel in 2009 for households that were more affluent can be explained crease showed three household groups. The first group, which had the larger rate, was composed of households with four or f edium trip rate increase, included households with five or six persons, and the third group, which has the lowest trip rate increase, was composed of households with seven or more persons. Of all the models, the 2001 model bet- With respect to income, non-motorized trip rates were rized trips in those years. This trend was not the same for this group in 2009, when members made more non-motorized trips. As observed in Figure 4 , with regard to income, the 2001 model predicted non-motorized trips better than any of the other studied models. In contrast, for total travel, all models exhibited a similar trend and showed three distinct groups. As expected, the estimated 2009 model best predicted the observed travel in 2009.
Summary and Conclusions
This study investigated changes in non-motorized and total travel and the characteristics of the traveling public that are relevant to non-motorized modeling in 1990, 1995, 2001 , and 2009. The study also investigated the temporal transferability of linear-regression trip generation models for non-motorized and total travel under such changes. The relevant changes in non-motorized and tota
